Abstract Monofloral lavender honey samples (n=30), were analyzed to test antifungal effect against Candida albicans, Candida krusei, and Cryptococcus neoformans. The specific growth rates (μ) showed that all the yeast growths were reduced in the presence of honey. The honey concentration (% w/v) that inhibited 10% of the yeasts growth (X min ) ranged from 31.0% (C. albicans), 16.8% (C. krusei) and 23.0% (C. neoformans). A synthetic honey solution was also tested to determine antifungal activity attributable to sugars. The presence of synthetic honey in the C. krusei culture medium at concentrations above 58.0% (w/v) was established as X min , while C. albicans and C. neoformans were more resistant, since X min values were not reached over the ranged tested (10-60%, w/v). What the data suggests is that the component in the lavender honey responsible for the observed antifungal in vitro properties is not sugar based. Honey might be tapped as a natural resource to look for new medicines for the treatment of mycotic infections. This could be very useful, onsidering the increasing resistance of antifungals. It should be noticed that this is the first study concerning the effect of lavender honey on the growth of pathogenic yeasts.
Introduction
Honey is the natural sweet substance produced by honeybees from the nectar of blossoms, or from the secretion of living parts of plants or excretions of plant sucking insects on the living parts of plants, which honeybees collect, transform, and combine with specific substances of their own, and then store and leave in the honey comb to ripen and mature (Codex 2002) . As a source of energy, the beneficial characteristics of honey are its high nutritional value and the fast absorption of its carbohydrates upon consumption (Viuda-Martos et al. 2008) . When analyzing and studying the therapeutic properties of honeys, modern science has made it possible to specify their medical significance as bactericidal, bacteriostatic, antiviral, antioxidant, anti-inflammatory, and antitumoral (Molan 2001a; Lusby et al. 2005; Bardy et al. 2008; Estevinho et al. 2008 ). Many researchers have found honey to be a suitable alternative for healing wounds and burns, and for oral health (Lay-Flurrie 2008; Molan 2001b) . Honey is also a highly valuable ingredient in foods (Bath and Singh 2001; Naveena et al. 2007; Kotoki and Deka 2010; Wadikar et al. 2010) .
To date, very few attempts have been made to assess the antifungical properties of honey (Theunissen et al. 2001; Irish et al. 2006; Küçük et al. 2007; Boukraa et al. 2008; Koc et al. 2008) , especially as compared to the large volume of published literature which has established that honey has significant antibacterial activity. The incidence of fungal infections is increasing in community and hospital environments (Fridkin 2005) and no other mycotic patho-gen produces as great a spectrum of opportunistic diseases in humans and animals as Candida does (Pappas et al. 2003; Tortorano et al. 2006) . Furthermore, the rate of candidaemia caused by non-albicans species is increasing. Among these candidiases, candida krusei, which is an opportunistic pathogen isolated in some medical centers, can cause serious infections in susceptible patients (Nguyen et al. 2010) . Another important encapsulated yeast-like fungus is the Cryptococcus neoformans, responsible for infectious diseases in patients with AIDS (Perfect and Casadevall 2002) .
The aim of this short study is to assess the in vitro antifungical properties of Portuguese lavender honey against Candida albicans, Candida krusei, and Cryptococcus neoformans.
Monofloral lavender (Lavandula stoechas) honey samples (n=30), from Apis mellifera iberica, were collected in 2007 from separate apiaries in the North of Portugal. A synthetic honey solution with a carbohydrate composition similar to natural honey was used to determine whether inhibitory effects were due to the sugar content of the honey samples-100 g was prepared by dissolving 1.5 g sucrose, 7.5 g maltose, 40.5 g D-fructose, and 33.5 g D-glucose in 17 ml of sterile, deionized water.
The Coleción Española de Microorganismos Tipo (CECT) microorganisms were obtained from the (CECT) of Valencia University, while Escola Superior Agrária (ESA) microorganisms were strains that were clinically isolated in the Centro Hospitalario do Nordeste E.P.E. of Bragança, and identified in the Microbiology Laboratory of the Polytechnic Institute of Bragança. The fungi strains used were Candida albicans (CECT 1394), Candida krusei (ESA 11) and Cryptococcus neoformans (ESA 3). Microorganisms were cultured aerobically at 30°C on sterile Yeast Peptone Dextrose (YPD) medium containing 2% (w/v) glucose, 1% (w/v) peptone, 1.5% (w/v) agar and 0.5% (w/v) yeast extract. Before the test assays for antifungal activity, the honeys samples were tyndallized according to Becker et al. (1996) . Erlenmeyer flasks (150 ml) with 50 ml of YPD medium were inoculated with the yeast suspension (108 CFU/ml) and each concentration of honey over a range of 0% to 60% (w/v) to be tested was (Calhelha et al. 2006 ). The differences between Xmin were analyzed using oneway analysis of variance (ANOVA) followed by Tukey's HSD Test with α=0.05. This treatment was carried out using SPSS 18.0 for Windows®.
The specific growth rate (μ) for fungi was determined and results are presented in Table 1 . The results showed that the increase of lavender honey concentrations caused a decreased in μ of all organisms studied. Xmin values ranged from 31.0% (C. albicans), 16.8% (C. krusei) and 23.0% (C. neoformans); C. krusei was the most susceptible to honey since growth inhibition is reached at the minor level. The presence of synthetic honey in the C. krusei culture medium at concentrations above 58% (w/v) was established as X min , while C. albicans and C. neoformans were more resistant, since X min values were not reached over the range tested (10-60%, w/v). Antifungal activity against C. krusei, in particular, is noteworthy given the acquired and intrinsic resistance of this species to fluconazole (Nguyen et al. 2010) . As far as we know, there are no studies that report on honey action against C. neoformans and C. krusei.
Our data suggest that the honey mechanism for fungal growth inhibition is not related to the osmotic shock derived from the presence of sugar in culture medium. In fact, using the Tukey test (P<0.05), we verified significant differences between X min determinate in synthetic honey and lavender one. This was observed in all microorganisms tested (Table 2 ). In the same way, previous reports demonstrated that increased honey concentrations resulted in reduced growth of C. albicans, namely 29.4% inhibition on the growth was verified in the presence of wasbessie honey at concentrations of 25% (Theunissen et al. 2001) . The minimum inhibitory concentration of honeys against isolates of Candida species (C. albicans C. glabrata and C. dubliniensis) would be achievable in a clinical setting (Irish et al. 2006) ; C. dublinensis was more susceptible to the osmotic effect of all honeys, and to the antifungal effects of Jarrah honey. However, on the other hand, previous studies with different types of honey tested at several concentrations ranging from 0.1 to 20% (Lusby et al. 2005) and from 25 to 100% (Omafuvbe and Akanbi 2009) revealed that the growth of C. albicans was not inhibited by the honeys.
Several factors may influence the antifungal activity of honey. For example, DeMera and Angert (2004) reported that honey from different phytogeographic regions varied in their ability to inhibit the growth of yeasts, suggesting that botanical origin plays an important role in influencing the antifungal activity. In addition, there are a great variety of components, including phenolic acids, flavonoids and other biomolecules, in different honeys. Biological activity of honey is mainly attributed to the phenolic compounds (Estevinho et al. 2008) . In fact, the antimicrobial action of phenolics is well known and it is related to their ability to denature proteins, being generally classified as surfaceactive agents.
Conclusion
In conclusion, the antifungal effect of lavender honey was evaluated in culture media containing different concentrations of honey. What the data suggests is that the component in the lavender honey responsible for the observed antifungal in vitro properties is not sugar. The use of novel and powerful high-throughput techniques that currently are used in drug development will be of value to ascertain the medicinal properties of honey. Once the compound's structure is known, the chemical can serve as a prototype or "lead compound" for designing more effective therapeutic agents of similar chemical structure. Further studies are now required to demonstrate if this antifungal activity has any clinical application.
